Aspergillusfumigatus secretes a number of glycosidases into the culture medium when the cells are grown in a mineral salts medium containing guar flour (a galactomannan) as the carbon source. At least some of these glycosidases have been reported to be glycoproteins having N-linked oligosaccharides. In this study, we examined the effect of the glycoprotein processing inhibitor, castanospermine, on the structures of the N-linked oligosaccharides and on the secretion of various glycosidases. Cells were grown in the presence of various amounts of castanospermine; at different times of growth, samples of the media were removed for the measurement of enzymatic activity. Of the three glycosidases assayed, I-hexosaminidase was most sensitive to castanospermine; and its activity was depressed 30 to 40% at 100 ,ug of alkaloid per ml and even more at higher alkaloid concentrations. On the other hand, ,I-galactosidase activity was hardly diminished at castanospermine levels of up to 1 mg/ml, but significant inhibition was observed at 2 mg/ml. I-Galactosidase was intermediate in sensitivity. Cells were grown in the presence or absence of castanospermine and labeled with [2-3H]mannose, [6-3H]glucosamine, or [1-3H]galactose to label the sugar portion of the glycoproteins. The secreted glycoproteins were digested with pronase to obtain glycopeptides, and these were identified on Bio-Gel P-4 (Bio-Rad Laboratories). The glycopeptides were then digested with endoglucosaminidase H to release the peptide portion of susceptible structures, and the released oligosaccharides were reisolated and identified on Bio-Gel P-4. The oligosaccharides from control and castanospermine-grown cells were identified by a combination of enzymatic and chemical studies. In control cells, the oligosaccharide appeared to be mostly Man8GlcNAc and Man9GlcNAc, whereas in the presence of alkaloid, the major structures were Glc3Man7GlcNAc and Glc3Man8GlcNAc. These data fit previous observations that castanospermine inhibits glucosidase I.
Aspergillus spp. produce a number of extracellular glycosidases, all of which appear to be glycoproteins. Included among these enzymes are oa-mannosidase (39) , ,-N-acetylhexosaminidase (25) , P-glucosidase (30) , a-glucosidase (31), a-galactosidase (2), a-fucosidase (17), 3-galactosidase (1) , Imannosidase (9) , cellulase (16) , and so on. Several of these enzymes have been highly purified, and carbohydrate analysis has demonstrated the presence of mannose and Nacetylglucosamine (GlcNAc) as the major sugars. Since the glycosylation and secretion of several of these glycoproteins were shown to be inhibited by the antibiotic tunicamycin (34) , it seems likely that these enzymes contain N-linked high-mannose chains (22) .
In animal cells, the oligosaccharide chains of the N-linked glycoproteins are biosynthesized via a lipid-mediated pathway whereby the sugars GlcNAc, mannose, and glucose are transferred to dolichyl-phosphate to form a Glc3Man9Glc-NAc2-pyrophosphoryl-dolichol (7, 37) . This lipid-linked saccharide is the donor of oligosaccharide to protein to form the N-linked glycoprotein, i.e., Glc3Man9GlcNAc2-protein (15) .
Once this glycoprotein has been formed, the oligosaccharide chain may undergo a number of processing reactions to give rise to either high-mannose, hybrid, or complex types of oligosaccharides (33) . The initial processing reactions involve the removal of all three glucose residues. Thus, glucosidase I, a membrane-bound enzyme that is located in the rough endoplasmic reticulum, removes the terminal al,2-linked glucose (3, 4, 10, 26) , whereas glucosidase II, another membrane-bound glucosidase that may also be in * Corresponding author. the endoplasmic reticulum, removes the two remaining al, 3-linked glucose units (35, 43, 44) . These reactions give rise to a MangGlcNAc2-protein that may be the direct precursor to the high-mannose glycoproteins. Or, this oligosaccharide may be further trimmed by the removal of some mannose residues to give other, shorter high-mannose structures or to eventually give rise to hybrid and complex structures (15) .
One useful technique to study biosynthesis and function of the oligosaccharide portion of the glycoprotein is through the use of inhibitors that either prevent glycosylation of the protein or modify the structure of the oligosaccharide (8) . An example of the latter type of inhibitor is the plant alkaloid castanospermine (14) . We have found that this alkaloid is a fairly specific inhibitor of glucosidases (32) , and that it inhibits the glycoprotein-processing enzyme glucosidase I (29) . Thus, when influenza virus is raised in kidney cells in the presence of castanospermine, the viral glycoproteins contain oligosaccharides of the composition Glc3Man7_9GlcNAc2, ratherthan the typical high-mannose and complex chains found in this hemagglutinin (29) . Since castanospermine inhibits normal processing in animal and plant cells (H. Hori, Y. T. Pan, R. J. Molyneux, and A. D. Elbein, Arch. Biochem. Biophys., in press), it was of interest to determine what effect it would have on the oligosacccharide structure of the Aspergillus spp. glycoproteins, and whether it would alter the secretion of these enzymes. In this paper we describe the results of these studies. (14) . Bio-Gel P-4 (200 mesh and -400 mesh) were purchased from Bio-Rad Laboratories, Richmond, Calif. Guar flour was obtained from General Mills Chemicals Inc., Minneapolis, Minn. Endo-,B-N-acetylglucosaminidase H (Endo H) was from Health Research Inc., Albany, N.Y., and jack bean ac-mannosidase was from Sigma.
MATERIALS AND METHODS

Materials
Growth conditions. Aspergillus niger was grown at 30°C in a liquid medium that has the following composition (in grams per liter): KH2PO4, 2; (NH4)2SO4, 1.4; urea, 0.3; CaCl2, 0.3; MgSO4, 0.3; mannose, 0.1; yeast extract, 0.05; and guar flour, 5. The fungus was maintained on agar slants of the above medium. For innoculation of flasks, a loop of spores was removed from the slant and dispersed in 2 ml of sterile distilled water. Samples of this suspension were pipetted into 125-ml flasks containing 25 ml of the liquid medium. Various amounts of castanospermine, sterilized by filtration (filters from Millipore Corp., Bedford, Mass.), were added to the flasks as indicated below. Radioactive sugars were also added to some flasks to label the glycoproteins. The flasks were placed on a rotary shaker and allowed to incubate for up to 144 h. Samples of the medium were removed at various times and examined for the activity of a number of glycosidases.
Assay of glycosidases. Each sample of the medium (i.e., various time points and various castanospermine concentrations) was assayed for the activity of several different glycosidases. The reaction mixtures for these assays contained the following components in a final volume of 0.4 ml: 2 p.mol of the appropriate p-nitrophenyl glycoside, 10 ,umol of sodium acetate buffer (pH 5.0), and various amounts of the medium. Several samples of medium were selected that gave linear responses of activity. Incubation times were usually 30 min at 37°C, but an appropriate time was selected that was in the linear range of enzyme activity. At the end of the incubation, the reaction was stopped by the addition of 2.5 ml of 0.4 M glycine buffer (pH 10.4), and the amount of liberated p-nitrophenol was measured at 410 nm.
Preparation of radioactive glycopeptides. As indicated above, flasks containing various amounts of castanospermine and control flasks were innoculated with various radioactive sugars to label the glycoproteins. In these experiments, the entire contents of the flask were removed at the indicated time, usually 120 h, and filtered to remove the cells. The filtrate (about 20 ml) and the cell wash (10 ml) were combined and concentrated in either of the following ways. In some cases, the filtrates were concentrated to about 2 ml with an Amicon filtration apparatus with a UM 10 filter. The 2-ml concentrate was then placed in a tube, and 10 ml of ice cold acetone was added. The mixture was allowed to stand overnight at -20°C, and the precipitate was harvested by filtration, dissolved in 2 ml of water, and dialyzed overnight against several liters of 25 mM Tris buffer (pH 7.5). In the other case, the filtrates were lyophilized. The dried material was dissolved in 2 ml of water and dialyzed against several liters of 25 mM Tris buffer (pH 7.5). This buffer was used for two reasons. First of all, these fungi secrete cellulases, and dialysis against buffers of low pH may result in dissolution of the dialysis bag. Second, the Tris buffer is the appropriate buffer for the next step, which involves the proteolytic enzyme pronase.
After dialysis for 24 Gel filtration of radioactive glycopeptides and oligosaccharides. The radioactive glycopeptides were separated on a 1.5-by 150-cm column of Bio-Gel P-4 (200 mesh). The column was calibrated with a variety of standard oligosaccharides, and the radioactive materials were run under the same conditions. Samples were eluted with 0.3% acetic acid, and 1.5-ml fractions were collected. Samples of every other fraction were removed for the determination of radioactivity. The radioactive peaks were pooled and concentrated to a small volume. The peaks were then digested with Endo H (see below), and the products of this reaction were rechromatographed on the same Bio-Gel P-4 column.
Partial characterization of glycopeptides and oligosaccharides. Glycopeptides and oligosaccharides were sized on a 1.5-by 200-cm column of Bio-Gel P-4. The column was calibrated with various oligosaccharide standards including Glc3Man9GlcNAc, Glc2Man9GlcNAc, GlclMan9GlcNAc, MangGlcNAc, Man8GlcNAc, and Man7GlcNAc. Oligosaccharides were digested with a-mannosidase, and the products were rechromatographed on Bio-Gel P-4. Oligosaccharides were also subjected to methylation analysis (12) , and the radioactive methylated mannose derivatives were identified by thin-layer chromatography.
Enzymatic digestions. Endo H is an enzyme that cleaves some N-linked oligosaccharides between the two internal GlcNAc residues (40) . The specificity of this enzyme requires that the mannose residue that is linked al,6 to the ,3-linked mannose be substituted with an (x,3-linked mannose (21) . Thus, this enzyme will act on many high-mannose and hybrid chains, but not on complex structures. Digestions with Endo H were done in 0.2 ml of 50 mM citrate buffer (pH 6.5). Enzyme (10 mU) and a few drops of toluene were added, and the mixtures were incubated for 24 h. At that time, another 10 mU of enzyme was added, and incubations were continued for 24 h. Digestions with jack bean utmannosidase were done in 50 mM sodium acetate buffer (pH 5.0) in a final volume of 0.2 ml. RESULTS
Effect of castanospermine on the secretion of enzymes. Aspergillusfumigatus secretes a number of enzymes into the medium when the organism is grown in a mineral salts medium with guar as the carbon source (30, 31) . Since a number of these enzymes appear to be glycoproteins having N-linked high-mannose oligosaccharides (34) , it was of interest to determine whether the processing inhibitor, castanospermine, would have any effect on the synthesis and secretion of these enzymes.
Various amounts of castanospermine, from 10 p.g/ml up to 2 mg/ml, were added to 125-ml flasks containing 25 ml of the guar medium, and the flasks were innoculated with a spore suspension of the organism. The flasks were placed on a rotary shaker at room temperature for up to 144 h; every 24 h, 2 ml of medium was removed and filtered. The filtrate was examined for the presence of a number of glycosidases. Figure 1 presents the results of one such experiment. In this case, we compared the activities of 1-hexosaminidase ( spermine required to inhibit the activities of these three enzymes, as compared with the activities in control cells. Thus, the ,-hexosaminidase (upper panel) began to appear in the medium of control cells at about 72 to 96 h of growth, and this activity then increased rapidly over the next 48 h. However, when 100 ,ug of castanospermine per ml was included in the medium, there was a significant decrease in the activity of this enzyme (about 40% of control values), and this decrease in activity was even more pronounced at higher concentrations of castanospermine.
On the other hand, the 3-galactosidase and the cx-galactosidase were much less affected by the presence of castanospermine (middle and lower curves), although a decrease in the activities of these enzymes was also observed. Thus, the ,-galactosidase was inhibited about 20 to 25% at 1 mg of castanospermine per ml and about 35 to 40% at 2 mg of this alkaloid per ml. The a-galactosidase was even less susceptible to castanospermine, and levels of this enzyme were almost the same as in control cells at concentrations of alkaloid up to 1 mg/ml. However, at 2 mg/ml, the activity of a-galactosidase was depressed about 25 to 30%. Castanospermine did not inhibit the activities of any of the above glycosidases when added directly to incubation mixtures of enzyme and its p-nitrophenylglycoside substrate.
The decrease in activities of these enzymes could be due to an inhibition or slowdown in the secretion of the proteins, or it could be the result of an inhibition in the synthesis of the glycoproteins. It is also possible that the decreased activities could be due to a more rapid turnover of the glycoproteins. Based on the time course studies, there is no reason to believe that the alkaloid is affecting the turnover of the glycosidases or increasing the degradation.
Alterations in structure of mannose-labeled glycopeptides induced by castanospermine. To examine the effect of castanospermine on oligosaccharide structure, cells were grown in alkaloid and labeled with [2-3H]mannose. After growth in the label for 48 to 72 h, the medium was collected and concentrated to 2 ml on an Amicon filter. The concentrate was cooled, and 5 volumes of acetone, cooled to -20°C, was added to precipitate the protein. After standing for 24 h -20°C, the protein was isolated by centrifugation. The precipitate was digested exhaustively with pronase, and the glycopeptides were examined on Bio-Gel P-4. Figure 2A shows the elution profiles of the mannose-labeled glycopeptides from control cells and from cells grown in several concentrations of castanospermine. Two peaks of radioactivity were seen in control and castanospermine-grown cells, but there were some significant differences between these various cells. Thus, in each case (control and castanospermine treated), a major peak of radioactivity eluted at fractions 38 through 46 (i.e., near the void volume), and this peak appeared to be similar in control and castanosperminegrown cells. However, the second, smaller peak was clearly different in the presence of alkaloid. In control cells, this second peak was rather broad, eluting in fractions 54 through 64, whereas at 1 mg of castanospermine per ml, this peak eluted earlier (fractions 48 through 56), indicating that it was larger in size. This peak was near the Glc3Man9GlcNAc2 standard. These data indicated that this alkaloid was causing changes in the structure of the oligosaccharide chains.
The glycopeptides from control and castanosperminetreated cells were treated with Endo H and rechromatographed on the Bio-Gel P-4 column. This enzyme cleaves high-mannose oligosaccharides and glycopeptides between the two internal GlcNAc residues, but does not act on complex chains or on certain types of high-mannose structures (21) . The elution profiles of the Endo H-digested samples are shown in Fig. 2B . In each case, the first large peak did not shift after this enzyme treatment. However, since this peak elutes near the void volume, it may be too large to be able to detect the small shift that would be caused by Endo H digestion (i.e., loss of GlcNAc-peptide). Or this peak may be resistant to this enzyme. This peak was also resistant to a-mannosidase, indicating that the mannose residues were not a linked or were blocked with other sugars. Because of its large size it seems likely that this peak 1 represents the cell wall mannan or polymannan-protein aggregates. It is not known whether this structure is part of the glycosidases or is secreted as a separate polymer. However, its content of radioactivity was unaffected by the alkaloid.
On the other hand, peak 2 was susceptible to Endo H in both control and treated cells. However, the new peak resulting from Endo H was different in control cells as compared with treated cells (Fig. 2B) . In control cells, the new peak eluted with or just after the MangGlcNAc standard. On the other hand, the peak in castanospermine-grown cells eluted earlier and was only slightly smaller than the Glc3Man9GlcNAc standard. Thus, the alterations caused by castanospermine must be in the oligosaccharide rather than the peptide portion of the glycoprotein.
Characterization of mannose-labeled oligosaccharides from control and castanospermine-treated cells. The mannoselabeled oligosaccharides released by Endo H from control and castanospermine-treated cells were chromatographed on a long calibrated column of Bio-Gel P-4 to determine their size. Figure 3 shows the elution profiles of these oligosac- 12 charides. In both the control cells and the treated cells, the oligosaccharides were not homogeneous, but represented a spectrum of sizes. That is probably not surprising since these oligosaccharides were derived from cell-secreted glycoproteins. Nevertheless, the oligosaccharides from control cells were clearly of lower molecular weight than those from castanospermine-grown cells. The major peak in control cells eluted near the hexose8GlcNAc areas. On the other hand, the major oligosaccharide from castanosperminegrown cells eluted near the hexoseI0GlcNAc standard with a second peak in the hexosegGlcNAc area. These data support the idea that castanospermine inhibits processing and thus prevents the trimming of sugars from the oligosaccharides.
To learn more about the structures of the oligosaccharides from these cells, they were treated with oL-mannosidase to determine how many mannose residues could be released. If castanospermine prevented the removal of glucose residues from the Glc3Man9GlcNAc2-protein, this glycopeptide (or oligosaccharide) should be only partly susceptible to cxmannosidase since the glucoses cap some of the mannose chains. Figure 4 shows the results of these digestions. In Fig.  4A , the elution profile of the castanospermine-derived oligosaccharides is shown before and after the cx-mannosidase treatments. In this experiment, the oligosaccharides were run on a shorter Bio-Gel P-4 column, and thus the resolution of species is not as good as that in Fig. 3 . However, the untreated oligosaccharides eluted in a broad peak, indicating a heterogeneous mixture from hexose12GlcNAc (G3) to hexose10GlcNAc (mostly hexose1lGlcNAc, upper profile).
This oligosaccharide was only partly susceptible to a-mannosidase digestion with the release of about 20% of the radioactivity as free mannose (lower profile). Also, after mannosidase treatment, the larger oligosaccharide became much more homogeneous and mostly migrated in the hexoseloGlcNAc area. This suggests that most of the mannose residues that were released were derived from the hexose12GlcNAc and hexose1 1GlcNAc species (i.e., Glc3Man9GlcNAc and Glc2Man9GlcNAc). In other studies, we have found that the Glc3Man9GlcNAc is relatively resistant to (x-mannosidase, and the release of mannose from that oligosaccharide is very slow (29; Hori et al., in press). The effect of ox-mannosidase was also determined on the mannose-labeled structures from control cells. However, in this study we used the control cell glycopeptides rather than the oligosaccharides. Figure 4B compares the profiles of these glycopeptides before and after Q-mannosidase digestion. In this case, the untreated glycopeptide migrated in a rather broad area, emerging before, with, and after the Glc3Man9GlcNAc standard. However, after treatment with a-mannosidase, the large-molecular-weight radioactive peak completely disappeared and was replaced by a radioactive peak in the mannose area as well as one or two radioactive peaks eluting near the Man5GluNAc standard. At least one of these peaks is probably the Man1GlcNAcGlcNAc-peptide, since a GlcNAc residue migrates like 2.1 hexoses on Bio-Gel P-4, and the peptide would probably be equal to mannoses were identified by thin-layer chromatography. Figure 5 compares the radioactive methylated mannoses of control cells with those of castanospermine-grown cells. In the control cells (upper profile), the expected methylated mannoses, i.e., 2,3,4,6-tetramethylmannose, 3,4,6-trimethylmannose, and 2,4-dimethylmannose, were observed, indicating the presence of terminal mannose, 2-substituted mannose, and 3,6-substituted mannose. The approximate ratio of radioactivity in these three species was 1:0.47:0.76. This is close to the expected for a Man78GlcNAc oligosaccharide.
Since we cannot be certain that all of the mannose residues are equally labeled, one might expect some departure from the theoretical value. Onrthe other hand, the lower profile of Fig. 5 shows the identification of methylated mannoses in the alkaloid-derived oligosaccharide. The distinguishing characteristic in this case was the presence of a small radioactive peak of 2,4,6-trimethylmannose that was absent from control oligosaccharides. A mannose substituted in the 3 position is strongly suggestive of 9ligosaccharides containing glucose. Thus, as expected, this oligosaccharide also contained terminal, 3,6-substituted, 2-substituted, ahd 3-substituted mannose residues in the approximate ratio of 1.0:0.83:0.44:0.37. The lower than expected radioactive content in 2-substituted mannose may be due to unequal labeling in the mannose residues.
To be certain that the castanospermine-induced oligosaccharide contained three glucose residues, A. fumigatus was grown in castanospermine (1 mg/ml) and labeled with [1- 3H]galactose. The glycopeptides were isolated, digested with Endo H, and reisolated on Bio-Gel P-4. The oligosaccharide was then methylated, and the methylated glucoses were identified. Three radioactive peaks were observed corresponding to 2,3,4,6-tetramethylglucose, 2,4,6-trimethylglucose, and 3,4,6-trimethylglucose (data not shown). Since three glucose derivatives were detected, the oligosaccharide must be a Glc3Man7_9GlcNAc.
Effect of castanospermine on glucosamine-labeled glycopeptides. Since the N-linked oligosaccharides also contain glucosamine, we examined the effect of castanospermine on the incorporation of [3H]glucosamine into the secreted glycoproteins. Cells were grown in several concentrations of the alkaloid and labeled with [3H]glucosamine. The secreted proteins were isolated and digested with pronase, and the liberated glycopeptides were chromatographed on Bio-Gel P-4. Figure 6A shows the profiles obtained from control cells (upper) and cells grown in 1 mg of castanospermine per ml. More of the radioactive glucosamine was found in the second peak, although peak 1 was still labeled. This is additional suggestive evidence that peak 1 represents mannans with a much higher mannose content (relative to glucosamine) than the typical N-linked oligosaccharides of the glycoproteins (as seen in peak 2).
Figure 6A also demonstrates that peak 2 in the control cells was of lower molecular weight than that seen in castanospermine-grown cells, since it eluted in later fractions. This is shown more clearly in Fig. 613 The glycoproteins produced in the presence of castanospermine were still secreted from the cells, as shown by the presence of various enzymatic activities in the culture medium (Fig. 1) . However, some inhibition in secretion was observed, since the activities in the media were decreased with increased castanospermine concentration. Interestingly enough, the various glycosidases did not show the same sensitivity to the alkaloid. Thus, the P-hexosaminidase was the most sensitive of the glycosidases tested, and its activity was depressed by 30 to 40% at 100 ,ug of alkaloid per ml. On the other hand, a-galactosidase activity was not greatly affected at alkaloid concentrations of up to 1 mg/ml, and decreases in activity were only seen at 2 mg/ml or higher concentrations. We tested the effect of castanospermine directly on the enzymatic activity of the ,-hexosaminidase, the a-galactosidase, and the ,-galactosidase by adding various amounts of alkaloid to the assay mixtures. No inhibition of enzymatic activity was observed. Thus, the decrease in activity in the culture media must be attributed to lower amounts of the specific enzymes, or to less active enzyme in the media.
There are several possible explanations to account for the inhibition of secretion observed in these studies. Since castanospermine inhibits the processing glucosidases and prevents the removal of glucose residues fron the N-linked glycoproteins (28), the glucose-containing glycoprotein may be recognized only poorly by the secretory mechanism of the cell. In fact, there is some precedence for this idea. A recent study by Lodish and (20) , reduced the rate of secretion of the glycoproteins al-antitrypsin and cx1-antichymotrypsin, but had only marginal effects on the secretion of other glycoproteins. Equilibrium density gradient centrifugation indicated that this al-antitrypsin and (xlantichymotrypsin accumulated in the rough endoplasmic reticulum in the presence of deoxynojirimycin. The authors suggested that the movement of the protein from the rough endoplasmic reticulum to the Golgi required that the Nlinked oligosaccharides be processed to at least MangGlcNAc2 and that glucose residues on these oligosaccharides might retard or prevent their movement. Thus, the results with these hepatoma cells are quite analogous to those described here with Aspergillus sp., and the explanation for the reduction in glycosidase activities in the media could be a reduction in the rate of secretion.
There are several other compounds that have also been reported to retard or inhibit the intracellular transport of newly synthesized glycoproteins. For example, monensin is a carboxylic acid ionophore that collapses the proton gradient by the electroneutral exchange of a proton for a monovalent cation (preferably sodium) across a membrane. Thus, monensin causes a rapid dilation of the Golgi elements and blocks the transport of secreted proteins to the extracellular space (18, 36, 41, 43) . Chloroquine and ammonium chloride are weak bases that become protonated after entering the intralysosomal space. A primary consequence of this action is the ability of either agent to raise the intralysosomal pH and disrupt the targeting of newly synthesized lysosomal enzymes to the lysosome (13, 42) . Since castanospermine and deoxynojirimycin are also weak bases, it is possible that they could also act as lysosomotropic drugs and alter intracellular pH.
It is clear from a number of studies that the carbohydrate is not always necessary for protein secretion. in mouse myeloma tumor cells, 2-deoxyglucose prevented the incorporation of glucosamine, mannose, and galactose into secreted protein while allowing the incorporation of leucine to proceed at 40% of the normal rate. The protein that was secreted under these conditions was shown to be the nonglycosylated form of K46. Thus, in this case, glycosylation was not necessary for secretion, although the absence of carbohydrate did appear to retard intracellular transport and export from the cell (6) . A number of studies have also been done with tunicamycin, an antibiotic that prevents N-glycosylation of proteins (8, 27, 37) . In several of these studies, the nonglycosylated proteins were still secreted from the cells or functioned normally (19, 28, 38) , whereas in other cases secretion did not occur (5, 11) . A plausible explanation for these variations and one for which some evidence has been gathered suggests that at least one role for the carbohydrate is to help to determine or maintain the conformation of the protein (23) . Since the carbohydrate is added during polypeptide synthesis, it may have a great influence on the protein conformation, depending, of course, on the amino acid composition of the protein. That is to say, carbohydrate may be essential in influencing the conformation of some proteins, but not of others. Since castanospermine apparently does not inhibit glycosylation, but causes alterations in the final oligosaccharide structure, it may be possible to correlate subtle changes in structure with alterations in function. The changes in secretion observed with the glycosidases may be an example that needs further examination. ACKNOWLEDGMENT This study was supported by Public Health Service research grant HL-17783 from the National Institutes of Health.
LITERATURE CITED
